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ACOUSriC PERFORMANCE OF INLET SUPPRESSORS 

UN AN ENUINE GENERATING A SINGLE MODE 

by L, J. HeiUolburg, E. J. Rice ami L. Hoiiiyak 

National Aoronauticis and Space AUministration 
Lewis Research Center 
C levelanci, Ohio 4<UJS 

A b str act 

As part of a program to evaluate an inlet suppressor design method 
based on mode cutoff ratio, three single degree of freedom liners with dif- 
ferent open area ratio face sheets were designed for a single spinning 
mode. This mode was generated by placing 4i rods in front of tne blade 
fan of a JTlbO turbofan engine. At the liner design this near cutoff mode 
has a theoretical maximum attenuation of nearly EOO dli per L/D. The data 
show even higher attenuations at the design condition than predicted by the 
theory for dissipation of a single mode within tne liner. This additional 
attenuation is large for high open area ratios and should be accounted for 
in the theory. The data shows the additional attenuation to be inversly 
proportional to acoustic resistance. It was thought that the additional 
attenuation could be caused by reflection and modal scattering at the hard 
to soft wall interface. A reflection model was developed, and then modified 
to fit the data. This model was checked against independent (multiple pure 
tone) data with good agreement. 

Introd uction 

Fan noise produced by an aircraft engine has a spinning mode structure 
While propagating within tne inlet or att ducts. These spinning modes must 
be considereu in the design of an effective suppressor. A theoretical 
uesign method based on mode cutoff ratio is presented in Ref. 4. This 
method and tne general problem of designing and evaluating inlet suppressors 
from source to far-field is based upon each element of the problem being 
dependent upon tne mode cutoff ratio. This dependence upon cutoff ratio nas 
been reported for maximum possible attenuation,^ optimum impedance,^ 
duct termination ref lection, and moual density function.' 

The above concepts were evaluated on a YFiOii! engine both qualita- 
tlvelyo and quantitatively^ using the multimodal sound source due to fan 
turbulence Interaction. These evaluations of the design methods and the- 
ories were extremely demanding and were limited by the source energy being 
distributed among all possiole propagations modes. 

In tnis investigation, a dTlbl) engine was modified to produce a fan 
tone controlled by a single mode that could be used to validate tne design 
theory and theoretical suppressor performance described in Refs. 4 to y. 

To the best of the authors' knowledge, tins is the first time that a 
controlled known single mode has been used with an engine or fan to evaluate 
suppressors. The single mode is generated by placing 41 equally spaced rods 
in front of the c!8 blade fan as shown in Fig. i. These rods produce a blade 



p.issjiHi iroquoiicy (HPi'') toiio ot only ono inoiic! with circumterciitial oruu*r 
III -i iJ and tile lowest radial oruer m « U at tan speeds from o400 to 
d400 rpiii. File uesicjn speeo for tiiu suppressors was ciiosen as o/bO rpiii wliere 
the cutoff ratio of the U, t) mode was 1.03. Tests were conducted at the 
desipn speed as well as lilyiier speeds liicludiiip a supersonic fan tip speed. 

Ihe suppressor theory, used to compare wi’tn the data, contains only tne 
dissipation effect of tne liner on tne mode corresponding to tne input mode 
in the hardwall duct. It was found necessary to account for additional 
attenuation due to reflection or modal scattering at the nardwal l-liner 
interface. A model was derived to account for this effect. 

SyiiiOo I s 

A additional attenuation above liner dissipation, dB 

Hi>i- blade passage frequency, Hz 

c speed of sound, in/ sec 

0 circular duct diameter, in (ft) 

adB sound attenuation, decibels 

adl^n niaximuni possible sound power attenuation, decibels 
f frequency, Hz 

Kxh dimensionless axial wave number for spinning mode in hard wall duct 

(see Eq. y) 

kxs oiniensionless axial wave number for spinning mode in si^ft wall auct 

L length of acoustic treatment, m (ft) 

^l) axial steady flow Mach number, free-stream uniform value 

III spinning mode lobe number (circumferential order) 

1^ pressure reflection coefficient 

KK* reflected acoustic power, UB 

Rg eigenvalue for circular hardwalled duct or absolute value of com- 

plex eigenvalue for softwall duct 
n frequency parameter, n = fD/c 

e specific acoustic resistance 

**m optimum specific acoustic resistance 

u radial mode order index 

hardwall cutoff ratio, = 


tj. softwall mode cuLotf ratio,^^^ JLIL. 

•^g f/(l - M^) cos 

u liner open area ratio 

o,„ optimum open area ratio 

♦ phase of complex eigenvalue, uegrees 

X specific acoustic reactance 
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Apparatus and Procedure 


Enpine anl Inlet 

me OTlSO-l engine m f "ISS ?r'ls"b].3’c.. 
bypass ratio, and a rateo thrust guide vanes (stator). 

(21 In.) in diameter, and has 28 wu » cutoff rotor-stator 

The blade to vane presented in Ref. 10^ 

interaction tone. More detail ic sSLn in r*iq. 1. This inlet has a 

The inlet to a blllmouth wnich in turn 

constant &i.i cm (21 in.) nacelle. A large inflow control 

is attached to a large constant ^lan^eter^^ 9 is 

?ne r.rwrtrmi/?2?5“en2lf« The ICU wes used here to further Insure 
that only a single inode BP F to^ Js produced. attached to the 

A spool piece with 41 ^nMs^nteract with the 28 fan olades 

engine front flange. The wakes of xa-ontial lobes At fan speeds between 

:: fS^;S?ff1r'^^rt?Lf:ih;ts‘ignr^L obtested. 

5^uD pressor Design 

The acoustic the^eng 1 ne^fan!^”This mode is 

produced by the inter ati on of the i ^et ,^^g^g„l.^al^pattern (m = 13, 

the lowest radial of the thirteen lo blade passage 

p = 0). Maximum attenuation t design were average 

frequency of 31b0 Hz. Jther parame J P 

Sda?y^^er"th\c^^^^^^^^ ot 0.53 cm (0.21 in.) based upon an 

estimate made from velocity propagation theory of 

rne optimum impedance was the \g„siders the 

Ref. 12 and the opti'i’i^ation procedure of ^ gy,^n_ 

propagation of f lof fasLmed uniform except near the 

fui?ihru‘a“u5m r„:erVoind-ar/uyer (with a linear profile at the «aU) ,s 

e“irperncrir; 'uS- to def 1 . the 

i:-: acoustic resistance 

'^"“SeTeliruofmeSrnl^opJUatloncalcu^ 

Table 1. ‘"peThe « optimum liner. It should be noted 

rh^meJua^rrerforaJed plate hole blockage (when 
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liiuM’s strvulille the lu'st ooss bh*. l in ^ oxpbr j.^ 
inadu usiiiq Uic iiata ami tiic tiii'iiav ri.jia i!!V it^ >'itoi’polatUnis could do 
and a.i) poixoiit wdiVbul t 
tainod witii iiioro conl ldoi co) !as ncVifc.l isi ml 

uepth of tno troatiiiont. ^ ^ tonsLant in all i.asos by varying the 

posslDm'aUo,miul^'dd\“\'o';;KU^M^ 'ISfaT'l' 

tul measuromo I ot Xumdiar I’’ m,"'"' '"naninq- 

ro,^:r:firTi“ 

Dadd iidiso floor, **^**‘‘^ would not do tost In the broau- 

T est t-dci I Uy 

I he tests were performed at the Lewis Vertir ii Mr f 

~^:i'5"wa;^rt^ackrl;e^ore t«';?n:“'^l':'■“^^^ ? ““"^'"9 was 

somewnat beyond tne far-field microohones w is'^n engine out to and 
engine was mounted .f.y m (y o ft) or b a f ’ concrete. The 

This relatively nign oosition wis f ^’^'''cters above tne ground, 

tne inlet flow'. |he engine exndust'wi< pl'i'ie effects on 

press att tan and jet noise. A onotour loi? "inffler to sup- 

is Shown in c'ig. /, ' '‘P*’ ct the engine on tne test stand 

Li£..L'l^J:CUiii en ta t i on .Pieces^i^ng 

(tk) '"Aerophones on a .>4.4 m 

tioned at'io“ intervaK^'f^^m'^lV^*’! '.’’t '"'ceophones were posi- 

ona^'^^oc;^rryir^'?ir:;So:Tf,r,:s?^ 

Til’-ii ‘A’ Vi'i' 

“b.u ub at all trequencies up to n’t) kH.f •'-vlis was 

iKor." liarro': balm r2s'u e“S'’im'r ! A ri'r'‘^ 

"as measured" form. toi retted but used and presented in the 

Procedure 

spoodsi o/nu. u'HVrpn,'.'"' A^'tnroyrnla'u^II?" 


spoetl ot 67aU rpin a secoiul siat ot Uata was nituisureu to Improve acc,uracy. 

A Dasoline hard wall case was always run the same day to Improve the quality 
of the attenuation results. The hardwall case was ootained oy coveriny tne 
acoustic liner with aluminum tape. After the baseline was obtained, tne 
tape was removed in two stages to obtain measurements for treatment lengths 
of L/0 of O.lb and 0.3. Oata was only recorded when the ambient winu was 
less ‘ 'an 18. b km/nr (10 mpii). 

K esults and Piscussion 

The data is presented in both one- third-octave-band and narrow band 
form. A 3b-Hz bandwidth narrowband analysis was used where tne broadband 
noise floor affects the accuracy of the ono-third-octave-band tone data. 

All one-tnird-octave-banu data has been correcteu to standard-uay, free- 
fielu at 30 .b m (lUO ft). Narrow-band data has not been corrected, and is 
presented "as measured". 

B aseline In let Noise 

The inlet noise of the unsuppressed engine with the 41 rods installed is 
Shown by the four one-third-octave power spectra in rig. 3. Tne Bf*F is very 
prominent at all four speeds. At the highest speed (tip relative Mach nun»- 
ber of 1.3), the multiple pure tones, MPI's are very evident between 2000 
and 4000 Hz. The dashed line represents the power spectra for a suppressed 
case, the 8.9 percent open area liner with an L/D of O.lb. Inis gives an 
indication of where the liner was effective. At design speed the BFF tone 
is no longer evident in the spectrum. The only other place where there is a 

great deal of suppression is at 13 bOO rpm at the MPT frequencies. The 

reason for this behavior will be discussed later after tone directivities 
and cutoff ratios are presented. Although tne suppressions at the other 
speeds and frequencies are much lower, they are not insignificant, lO to 
20 dB per unit L/D. 

The one-tnird-octave BPF tone directivities for all the fan speeds are 
Shown in Fig. 4. At a fan speed of o/bO rpm trie (13,0) mode is just cut on 

with a cutoff ratio of 1.03. All higher order radial modes are cutoff. The 

peak in the directivity plot is at 60* as would be expected for a mode near 
cutoff. ^1 As the fan speed increases the cutoff ratio of the (13,0) mode 
increases and the directivity curve peaks at far field ai>gles closer to the 
inlet axis. This effect can be masked (as in Fig. 4(d)) when higher order 

radial modes being propagating (lo bOO rpm and above) and the directivity 

pattern is a result of several modes of different cutoff ratio. A more 

complete discussion of tne BPF directivity of this fan with the 41 rods is 

presented in Ref. 11. 

rnese directivity patterns are important since they can indicate the 
modes and corresponding cutoff ratios that are present.^ Hie cutoff ratio 
in turn controls the maximum possible attenuation and optimum impedance tor 
a suppressor.'* 



bup prossor Perfoniuince 


Iho soiitHi power attenuation curves shown in Fig. t» give an overview of 
where attenuation was ohtainud in terms of frequency and speed. Ihe curves 
shown are for the U.9 penent liner with an t/U of U.lb. This was the most 
effective liner. The other liners yielded similar curves but with lower 
peak levels, txcept at the design speed the liFF attenuation is of the order 
of Z to 3./ dll, or on a unit L/U basis, 13 to dU. At the design speed 
l(i.t) db of bPF power reduction was obtained, or U3 dll per unit L/U. Ibis 
number is in error on the low side due to the dominant contribution of the 
broadband noise to the IIPF one-third-octave-band at many angles in the 
suppressed case. 

Ihe liners were designed for the (13,0) mode at 31b0 Hz where the cutoff 
ratio is 1.U3. In general, it would be expected that when the cutoff ratio 
is higher or the frequency different than the design, lower attenuation 
would result. The maxiiiuim possible attenuation decreases very rapidly when 
the cutoff ratio increases from unity. ^ Also the optimjmi impedance for a 
given mode is a function of cutoff ratio and frequency.'^ For these rea- 
sons the large OFF attenuation occurs only at the design speed and since the 
cutoff ratio increases with speed and the actual wall impedance diverges 
from the optimum, the attenuation drops. This dramatic change in liner 
attenuation with engine speed does not occur for multimodal excitation as 
was observed in Ref. 8. An examination of the source noise in this investi- 
gation shows only two places where single modes exist near cutoff. Une is 
the design condition and the other is the MPT's at sjpersonic blade tip 
speeds. The hPT cutoff ratios vary from l.UO to 1.0/. Figure b(d) shows a 
great deal of attenuation for these MPT's as is expected. In fact, the MPT 
that corresponds to the design frequency, 31b0 Hz has a cutoff ratio of 
1.03, the same as the BPF had at the design point. Ihe MPT results will be 
discussed in more detail later in this paper. 

HPF at th e Design P oint 

A typical one-third-octave-band directivity plot of the BPF is shown in 
Fig. 0. Here the short liner length (L/U = 0.1b) produced a large reduction 
in tone level especially at the peak angle (bO“) and larger angles. When 
the remair'ng half of the tape was removed (L/U 0.3) little further 
reductions curred due to the presence of the broadband noise floor. Even 
in a Pb Hz bandwidth analysis the broadband floor interferes with the re- 
sults for an L/U of 0.3. The narrowband results for this liner (Fig. /) 
indicate tone level reductions of several uB more than shown uy the one- 
third-octave plot for the L/U of 0.1b. Here the narrowband (db Hz band- 
width) tone directivity is plotted for the hardwall inlet and tor the 
8.9 percent open area liner at the L/U of 0.1b. The broadband noise level 
at the tone base is also plotted. Even with an L/U of only 0.1b and a db Hz 
bandwidth, the broadband levels are uncomfortably close to tne tone in the 
suppressed case. Although the broadband levels show a small reduction in 
level when compared to the tone these attenuations are significant when put 
on a unit L/U basis, lb to cO dB. Ihe shape of the broadband directivity 
curve, with a peak near the axis, indicates this source is composed of a 
great many modes with approximately equal energy per mode.'^ With this 
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distribution much lower attenuations are expected 
than when all the energy is concentrated in one near cutoff mode. 

of the tone suppression at tne design condition for all 
^ ^ suppression generally Increase to 

about oO degrees then remains at high levels. The i^.5 percent open area 
liner iws about half the suppression of the other two liners. The B.y per™ 
centrliner appears to give somewhat better suppression than the b.O percent 

the effect of open area ratio on attenuation is to use 
the following approximate relationship from Ref. ib: 
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This approximation can be put in terms of liner open area ratio by using 
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This results in 
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In rig. ^ attennatlon is plottnu against tiiu auuvn upnn aroa ratiu tunctiuns. 
It was assuiiiQd tnat tnu optimum arua is uotwoon 'j.U ami H.y porcunt i.o,, 
straignt linos from tho origins tnrougii tno P.O and H.y purcont points moot at 
tno optimum open area ratio. THo average attunuation ootwoen uo and HU was 
used as an indication of sound power attenuation ot tno HPf tone at the design 
speed. Altnough tiie 2.b percent data was not used in tno data fit, it falls 
on the line, fitting the data through the b.O and H.y percent points as 
duscrioed above results in an optimum open area ratio of /.I percent. This is 
higher than tlio design estimate of b.O percent but not that far away when con- 
sideration is given to the assumptions and variables involved, r'or exatople, 
an error In the boundary layer thickness used to calculate the resistance 
could account for all of the difference between the b.O and /,! percent. 

Also, the reduction of open area due to tne adhesive used to bond the face 
Sheet was not accounted for. The theoretical attenuation limit for the (13, U) 
mode is included in rig. y. Tne data plot indicates a peak of or IHI dl3 
per unit L/L). This is very good agreement with tne theoretical limit of 
iya dtJ per unit L/l). 

Off-optimum liner attenuation . - As discussed in the liner design section 
it wa's’'no't 'anticipated" t¥at the optimum liner design would truly oe achieved 
and two extra liners were built. It is thus necessary to investigate how much 
acoustic dissipation might oe expected witliin tne suppressor for conditions 
other than at the optimum. Also in spite of tne large attenuations expected, 
it will be s een l ater that even higher attenuations were obtained from the 
suppressor experiments. A complete set of theoretical predictions of single 
mode acoustic dissipation in the liner is necessary for comparison with the 
experimental data. 

To evaluate uff-optimum sound attenuations in tne suppressor, the approxi- 
mate circular constant attenuation contour equation found in the appendix of 
Ref. 9 was used. This correlation provides good approximation to exact sup- 
pressor calculations. The inputs used for this equation involve only the 
optimum impedance and the associated maximum possible attenuation which were 
Oin = 1.1360, X,„ = -0.60, Adllm/L/D = 19H respectively, the duct Mach 
number Mq = -0.147, and the soft-wall mode cutoff ratio tg = 0.8291. 

Due to the small cutoff ratio the compression of the attenuation contours due 
to the boundary layer can be neglected. For all calculations the liner react- 
ance was assumed to be equal to the optimum value. 

With the above inputs, the liner resistance can be varied from zero to 
infinity to generate the relationsnip shown in Fig. 10. The curve has the 
extremely sharp peak which is characteristic of the attenuation for a single 
mode as generated for tests in this paper. For multimodal sound generation 
much more flat curves will result as discussed in Ref. 9. Note that the 
attenuation shown in Fig. 10 accounts only for principal mode dissipation 
within the lined duct. Any attenuation greater than these values may be 
assumed to originate from other mechanisms such as reflection or modal scat- 
tering at the hard-soft interface of the suppressor. This assumption will be 
used to develop relations for these otner phenomena in a later section. 
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10 tor two dlttoront optlmuMi ruaisttincos (open 

rntJ?. 'uihi^n'^!!!; ^*'*^ percent point is iiMde to fall on the tnooretica) 

u(rvt,wniuh results in an optimum open area ot b,4 percent, and in the other 

‘‘Pos'^n at /.u percent, in aeneral, the data tai ls above 
the curve tor most o,„ that are chosen, it seems likely, as discussed 
previously, that ret lections and modal scatteriiifl trom the hard to sott wall 
intertace could cause the data to fall aoove the curve. It midht be expected 
the larpr the change In wall resistance at the interface the larger the re- 

iiince the i'.b percent open area liner might be 
expected to have little or no reflection it was made to tall on the theoreti- 
cal attenuation curve, [his resulted in the b.u percent liner- data tailing 
below the curve. It seems reasonable that the data could be higher than tile- 

1 higher open area ratios. It is more ditti- 

cult to understand why a data point would fall below the curve as in the case 

nMni!< points are on or aoove. The data 

points seen to tall in a more reasonable fashion when the optimum open area is 

ch»sen dt /.u percent. Mere the points fall progressively hiZ" Xve tlie 
cuive as the open area increases. It additional attenuation caused by the 
hard to soft wall intertace is the major cause ot the discrepancy, it' is 
important Decause ot its size to account for it in the theory. The largest 
discrepancy occurs in the 8.9 percent data where 36 percent of the total 
duct^^^^^°*^ mechanisms other than dissipation within the lined 

nintft strength of the additional attenuation above liner dissipation is 
plotted against the reciprocal of open area ratio (resistance) on log-log 
wff functional relation of the variables may become evident. This plot 

of o,„ and a straight line resulted when 0 |„ » 7.U 
Thi« ninJ 11. The sieve of this line turns out to be -l.U. 

t ! r?! only indicates that 7.0 percent open area is optimum, but also 

dSf tn tbP reactance, the additional attenuation 

^ kPtfirfi! ^ soft wall intertace is inversely proportional to resistance. 
H e t.lection and scatteri ng. - llie previously discussed comparison between 

the suppression of the blade passage tone has shown 
hat more attenuation is attained than can be explained by simple dissipation 

suppressor. This suggests that additional 
attenuation mechanisms are operating which are not included in the suppressor 
theory. These many include reflection and scattering at the hard^sott intfr^ 

V the suppressor. An approximate equation for the reflection effect 
will be derived (scattering will be neglected) to provide a hint on the qroup- 

then the equation will be empirically modi- 
the blade passage frequency attenuation data. Without further 
modification this equation will be used to calculate the additional attenua- 

li°thrnexrsection*^’*^ ^ •"esults will be compared to data 

Ket lection and scattering are intimately connected but reflection is 

nearlt^iil^fi wn V'*” dissipation can be expected for 

nearly hard wa ls (e = «) or tor very sott walls (e =< u) since hard walls 

allow no normal flow into them and very sott walls have no acoustic resistance 
to /rovide uissipation. Since the two extremes provide no dissipation peak 
dissipation must occur somewhere between and this is the optimum impedance 
which was discussed earlier. Ketlection, although expected to be zero tor 
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ardwalls, Is not necessarily neqllgible for soft walls. Thera may he a mono^ 
tonic Increase In reflection as resistance Is rednceo, and the overall op (j mum 
resistance might be expected to be slightly shifted toward a smaller resist- 
ance than would be obtained from a dissipation only tneory. 

In Ref. 16 (page the reflection coefficient for a plane-wave Incident 
upon a suppressor nas been derived. It Is desired here to obtain an expres- 
sion tor Incident spinning modes ratheis-than tor the special case of a plane 
wave with an Infinite cutoff ratio. A mode matching solution with pressure 
and axial velocity matching across the hard-soft Interface (considering only a 
single spinning mode) provides a load term In the solution which Is analagous 
to that of Eq. U.4.26 of Rof. 16. This equation Is 



(<j) 


where R Is the pressure reflection coefficient, and kxp ^nd kx< are 
the dimensionless axial wave numbers for the spinning mode in the hard and 
soft duct sections. Equation (6) Is accurate In the limit for nearly hard 
walls. The finite mode cutoff ratio, t Is present In the axial wave num- 
ber, An Inspection of Eq. 11. 4, 26 of Ref. 16 shows Indexed multiple products 
which represent the scattering effect of higher radial modes wnich Is neg- 
lected here. ^ 

An expansion of Eq. (6) around nearly hard walls wit.i the parameter 


« !UlLx„t 1^1 

(/rTT 
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considered small yields 
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1 - 2«n 1«) 
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where 
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(y) 


and cg Is the mode cutoff ratio in the hard duct. An estimate of the 
reflected acoustic power Is 


RR* 


(1 * K^„x) + (2,„ 


( 10 ) 
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ai)U V.HO iittonuatlon duo to ror loction is 


AdH^ « Ul lod (I KK*) (U) 

Kocall td.U. In tho dorivdtion of liqs. (H) and (10) all scatuirinq offucts 
woru noqluctou and that tno rosultii shoulo no Qxpoctod to oo valid for noarij/ 
hardwalls, Cunsidorahio llhortlor* will now ho takon in tiin altorinq of thuso 
uquatiqns to iiuitcli tho oxporiinontal data for tiu' oladn pafisaqo froqiaincy. It 
was a fortunato coinoidonco that for tho provious hlado passaqo tono condi- 
tions, tho first torm in tno donoiiiinatur of l;q, (iu) was nut|liqlUlo and thus 
only tho rosistancu torm roniainod. An uxcullont fit to tho data, as shown in 
I'iq, it, was ohtalnod oy uiancilnp tno socoiui powor on tlio rusistanco torm to 
tno first powor. Sinco thu roactanco torm was noqiiyiblo no information could 
uu obtainod on tno oxponont of this torm so it was arbitrarily roducod to tho 
first powor in analoqy with tho rosistanco, The empirical final results which 
must be considered speculative and needinq much more study are 

KK* u ™ 

1 Jnn + t'nn kj^j^o 


It was also required that tq. (]l) be cnaiujod to 

AdB,^ » 40. b log (i - KK*) (id) 

to match the level of the additional attenuation that was obtained in the 
experiments. 

Although the approach taken in this section is quite crude, perspective 
should be maintained by recognizing that the correlation developed relates 
only to the incremental attenuation shown in Fig. lO. Most of the attenuation 
!s accounted for by the more soundly based liner dissipation theory, equa- 
tions (id) and (13) will be tested against other independent data in the next 
section. 

^ f"P'h 

The attenuation of the MFT's for each of tne three test liners is shown as 
a function of iiardwall cutoff ratio in Fig. id. fiiese attenuations are ob- 
tained using narrowband data at oO* and /6“. Some of the MFf attenuations are 
very large and comparable to the BFF attenuations at the design speed. This 
is not unexpected since each MPT is a single mode and has a cutoff ratio near 
unity. In general, the attenuation increases as tne open area ratio increases 
and decreases as the cutoff ratio increases. Two sets of theoretical predic- 
tions of the attenuation for each open area ratio have been included in Fig. 
id. The lower curve represents only the dissipation in the liner. The values 
used here for the acoustic resistance were calculated by setting the effective 
open area ratio to bl? of the actual. This reduction is based on the results 
tor the single mode liPT data where om was shown to be /.U percent Instead 
of the preuicted b.O percent (Figs. 10 and ii). The upper curve in each set 


ropresfints Itnor dissipation pins thn additionai uis LSt a,id 

SnS»Ual scattorina as dovolopod 1" P'l U3) i ' t n’“n upp^r car ^ 
modifind to fit tnn PPf data /"d (13) ). Id ^ 

data won aithonfili thorn is „„ ,nd„p(,ndont 

thno.nt1cal prodictions ‘ii’arva 'd ^ons dor ?aU„ a >, machos unity. 

/u u.-u't ut a lyrofjrani tu uvaluatu an 1nlot supprosiv^'’ 

SiMliiiS 

5raft"eLVlSn^r;“?ird^esl‘p'rsJ^^^^ 

rtiicc versus attenuation curve, the data at the design conuu . 

tttt*niidtions This suggests attenuation mechanisms in ado tc 
0 linoS wall. Kotloctlon and possibly «.a 

hard to soft wall Interface was thought to be res, >. 

blockage due to tb.j adhesive used Tth'e\aru4of t 

t,i;iK:crw«’ ;^‘rpeS1 ar h"lc:t™'‘ret^:,-t:u power to be Ihversely propor 
riora?to The r,”u:r/ot the acoustic resistance anU^reactah^ 

“,LTo:;,u“rn rhrUfa.‘^f^ .ouel -s t^h tested against ot^ 
data (MPl's) and found to be 9e»f J^'s ^r^^ cutoff modes 

rJe?^?c^?:^ wl?? 1^L"r?ace ^frsNgnlf leant factor In 

the total attenuation. 
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^Al 1 facing sheets were 

O.UciU in. 

(U.Obl cm) 



thick, perforated dUU3Hl4 aluminum with 
punched holes of U.ObU in. (U.lil? cm) 
diameter. 
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rpm, IWq » 0. 187. 13 500 rpm, Mq = Q. 33 

• 3. - Baseline one-third-octave power spectra for 41 rod Inlet configuration. 














One-third-octave sound power attenuation spectra for tne % 0. A. liner at various speeds, bD = Q. 15. 
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Figure 6. - Tone directivity pattern at the design 
point for hard walls and two liner lengths. 
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Figure 7. - Narrow band tone directivity pattern at the 
design point. BPF - 3150 Hz and 6750 rpm for 8. 9 per- 
cent open area liner. 
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rigure la - Comparison of data with theoretical attenuation 
as a function of resistance for the (13, 0) mode at 3150 Hz 
and optimum reactance. 





